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ABSTRACT
This report, one of 21 case studies, describes the

history of a recent educational product. The Cluster Concept Program,
developed at the University of Maryland, is directed toward the
preparation of individuals for entrance into a spectrum of
occupations. Three clusters of occupations are included: (1)

Construction, (2) Electra-Mechanical Installation and Repair, and (3)
letal Forming and Fabrication. The program is targeted for boys and
girls in Grades 11 and 12 who want some occupational preparation
while remaining in the main stream of the educational program. It
aims at givina students entry level skills for a range of related
occupations. Although the 4-year study ended in 1969, the original
developers have conducted several related activities since that time.
They include: (1) assistan7:e to schools, (2) further evaluation
stulies, (3) placement and performance research, and (4) development
of adiitional clusters. (GEB)
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PREFACE

This product development report is one of 21 such reports, each dealing

with the developmental history of a recent educational product. A list of the

21 products, and the agencjes responsible for their development, is contained

in Appendix G to this report. The study, of which this report is a component,
was supported by U.S. Office of Education Contract No. OEC-0-70-4892, entitled

"The Evaluation of the Impact of Educational Research ard Development Product-;."

The overall project was designed to examine the process of development of
ftsuccessful educational products."

This report represents a relatively unique attempt to document what
occurred in the development of a recent educational product that appears to
have potential impact. lhe report is based upon published materials, docu-
ments in the files of the developing agency, and interviews with staff who

were involved in the development of the product. A draft of each study was

reviewed by the developer's staff. Generally, their suggestions for revisions

were incorporated into the text; however, complete responsibility for inter-

pretations concerning any facet of development, evaluation, and diffusion

rests with the authors of *ehis report.

Although awareness of the full impact of the study requires reading both

the individual product development reports and the s'l.parate final report, each

study may be read individually. For a quick overview of essential events in
the product history, the reader is referred to those sections of the report

containing the flow chart and the critical decision record.

The final report contains: a complete discussion of the procedures and

the selection criteria used to identify exemplary educational products; gener-

alizations drawn from the 21 product development case studies; a comparison of

these generalizations with hypotheses currently existing in the literature

regarding the processes of innovation and change; and the identification of

some proposed data sources through which the U.S. Office of Education could

monitor the impact of developing products. The final report also includes a
detailed outline of the search procedures and the information sought for each

case report.

Permanent project staff consisted of Calvin E. Wright, Principal

Investigator; Jack J. Crawford, Project Director; Daniel W. Kratochvil, Research

Scientist; and Carolyn A. Morrow, Administrative Assistant. In addition, other

staff who assisted in the preparation of individual product reports are identi-

fied on the appropeiate title pages. The Project Monitor was Dr. Alice Y.

Scates of the USOE Office of Program Planning and Evaluation.

Sincere gratitude is extended to those overburdened staff members of the

21 product development studies who courteously and freely gave their time so

that we might present a detailed and relatively accurate picture of the events

in the development of some exemplary educational research and development pro-

ducts. If we have chronicled a just and moderaeely complete account of the

birth of these products and the hard work that spawned them, credit lies with

those staff members of each product development team who ninsacked meiwry and

fils to recreate history.
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Name

PRODUCT DESCRIPTION

Product Characteristics

The Cluster Concept Program.

Developer

The University of Maryland, Industrial Education Department.

Distributor

The materials produced for the Cluster Concept Program are in the public

domain and are available as ED014554, ED016841, ED016842, ED016843, and ED016844

from EDRS, P.O. Drawer 0, Bethesda, Maryland 20014.

Focus

The focus of the Cluster Concept Program is on vocational education

directed toward the preparation of individuals for entrance into a spectrum

of occupations. Three spectra or clusters of occupations make up the program;

they are: (1) the Construction Cluster, (2) the Electro-Mechanical Instal-

lation and Repair Cluster, and (3) the Metal Forming and Fabrication Cluster.

Grade Level

Grades 11 and 12.

Target Population

The target population consists of eleventh and twelfth grade boys and

girls, who typically would enroll in vocational education courses or in the

general curriculum rather than in college preparatory courses, but who want

some occupational preparation while remaining in the main stream of the edu-

cational program of the school. Thus, it is not for the individual who has

decided he wants to be a specific craftsman or technician or for the person

who has decided to attend college, but rather for the person who is still

exploring and wants to retain all possible options.

Rationale for Product

Long Range Goals of Product

The four-year study of the Cluster Concept Program in vocational educa-

tion ended in 1969. It was hoped that subsequent developmental efforts would

help to tap the full potential of the cluster concept approach to vocational



education. It was recommended that the approach be replicated and evaluated

by professionals other than those who developed the concept. Neither of

these occurred. With the completion of the fourth year of studying the

cluster concept approach, the theory, methodology, and practical aspects of

implementation had been investigated. However, since subsequent, related

proposals were not funded, the long range goal of enriching vocational educa-

tion by means of the cluster concept approach has not been realized, nor is

it likely to be in the foreseeable future.

Objectives of Product

The Cluster Concept Program was not intended to make master craftsmen

of students. Rather it aims at giving students entry level skills for a

range of related occupations and a somewhat higher level of skills to insure

that they may proceed beyond the entry level in their chosen occupational

area. General objectives of the cluster concept approach are:

1. To provide students with the opportunity for a greater degree
of mobility on a geographical basis;

2. To provide students with the opportunity for mobility within
an industry or occupation;

To provide students with the opportunity for greater flexibility
in occupational choice patterns; and

4. To develop students who will be able to adapt to technological
changes.

Mote specifically, the courses in the Cluster Concept Program are

directed toward the following objectives.

1. To broaden the students' knowledge of available opportunities in
the occupations found in each cluster.

2. To develop job entry skills and knowledge for several occupations
found in a cluster.

3. To develop safe habits and a favorable attitude toward work
required in the occupations in a cluster.

4. To develop a student's insight into the sources of information that
will be helpful to him as he moves through the occupational areas.

Philosophy and Theory Supporting Product

How valid is an educational system that expends its resources as though

eighty percnet of the students were going to college, whereas the truth of

2



the matter is that only twenty percent of the school population ever graduate

from college? The answer of course is not easily arrived at, but the question

and available facts indicate that vocational education should not be

relegated to a position'of unimportance in the American educational system.

At a time when new trends and innovations in education are attracting

increasing devotion and funds, little innovation has tn1 done in vocational

education. With this in mind, the researchers at the 1)1Aversity of Maryland

asked, "What kind of an education should the individual 4ave who does not go

on to college or other form of higher education and who has not definitely

decided on an occupation appropriate to conventional voc&tional preparation?"

The answer to this question took the form of the cluster concept for the

following reasons.

1. Workers in our society require geographic mobility. Kimball Wiles
states in The Changing Curriculum of the American High School that
more than half of the current high school population will work in
different communities than the ones in which they were educ3ted;

2. In order to adapt to changes within a single industry in this era
of rapid technolotical development, a worker must have versatility
within his industry;

3. A broad training background is insurance against occupational
obsolescence in a narrow field of industry; and

4. Few high school students know what their occupation will be; these
students need a program that will enable them to keep as many
career opportunities open as possible.

From thes1 bases came the idea that a vocational educatio should allow a

student both to remain in the mainstream of academic life and to develop a

group or cluster of related skills that will prepare him for a variety of jobs

rather than a set of skills that will prepare him for only one specific

occupation.

The Cluster Concept Program was designed to g4ve students a range of

skills that would prepare them for entry level capability in a variety of

related rather than specific occupations. It was anticipated that the

students' potential employability would be enhanced by offering a wider range

of entrance skills and a level of articulation across several occupational

areas. This kind of fundamental training should enab19. 'le student to move

laterally thmogh several occupational categories as %sell 1, vertically

within the occupation.

3
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In addition. tha cluster approach was designed to allow students greater

flexibilit7 wit' r.?.gard to making major decisions about their careers. By

requiring only two hours each day rather than three, the cluster concept

approach allows tbe students to remain in more academic courses if he has not

yet made the decision that he will definitely terminate his academic educa-

tion at the high school leve]. If the student has determined that he will

pursue a career requiring only vocational education, he need not make a pre-

mature decision about which specific occupation he will follow.

Description of Materials

aganization of Matc..?..rials

The organization of the Cluster Concept Program is highly structured

and conforms to Figure 1 on the next page. Each of the three clusters is

divided into the occupations or occupational areas that make the cluster.

For example, the "Metal Forming and Fabrication" cluster is made up of four

occupations: assembler, machinist, sheet metal worker, and welder.

Each of the occupations in a cluster is broken down into tasks. For

example, welding consists of 52 tasks. "Arc welding ferrous metals with A. C.

welder to produce a horizontal butt joint" is Task No. 1 in welding. Each

task is coded Level I or Level II. Level I tasks are those that are needed

immediately upon job entry. Level II tasks are those which are not needed

immLdiately for job entry into an occupation, but will be needed soon after

entering the occupation. "Arc welding ferrous metals with A. C. welder to

produce a horizontal tee joint" is a Level I task in welding. "Brazing non-

ferrous metals to produce a horizontal butt joint" is a Level II task in

welding.

Each task, whether Level I or II, is broken down further in terms of

human requirements along the following lines:

1. Communications: vocabulary, symbols, drawings and blueprints,
systems of communications, speech, English, and maps.

2. Measurement: Time, temperature, weight, volume, length, width,
depth, meters, instruments, systems of measurement.

3. Skills: Hand, mental, machine.

4. Mathematics and Science: practical and applied.
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5. Information: technical, operational, occupational, economic, social,
safety, personal hygience, personal standards, occupational and job
standards.

These elements of human requirements are the basis of commonality among the

occupational areas in a cluster. Each occupation in a cluster has elements

of communications, measurement, skills, mathematics and science, and informa-

tion with the other occupations in the cluster. For example, Welding Task 1

is broken down into specific objectives classified under the five groups of

human requirements. Some of these objectives are common to all occupations,

some are common to more than one but not all occupations, and some are common

only within the occupation. Under Welding Task 1: Communications, "Reading

blueprint to determine size and characteristics of the workpiece" is common

to all occupations in the cluster; Skills, "Laying out stock with a surface

gauge" is common to more than one occupation in the cluster: and Science:

"Exploring the electron theory of current floy in welding" is common within

the occupation. Figure 2 on the next page illustrates how an occupation in

a cluster is divided into tasks which are coded Level I or II and which, in

their turns, are broken down into elements or objectives of human require-

ments, some common to all occupations in the cluster, some common to more than

one occupation, and some common only within the occupation.

Fermat and Content of Materials

Three separate courses or clusters make up the Cluster Concept Program.

As indicated in Figure 1, they are the Construction Cluster, the Electra-

Mechanical Installation and Repair Cluster, and the Metal Forming and Fabe-

cation Cluster. Materials for each course consist of a course outline volume

and an instructional plans volume.

Each course outline volume contains:

1. for each occupation in the cluster, a list of tasks which are re-
quired for entry into the occupation. Each of these tasks are
marked as Level I or Level II tasks (see Appendix A);

2. for each task a list of human requirements written in behavioral
terms and grouped under communications, measurement, mathematics,
science, skills and information (see Appendix B);

3. a suggested instructional sequence that may be utilized by the
teacher in developing a lesson for each of the tasks in one occupation.
The task is shown at the top of the page; headings for the areas of
human performance are listed below the task; and under each heading
the behavioral statements are arranged in a suggested instructional



sequence. The arrangement provides the teacher with an instruc ional
pattern that can be used to develop lesson plans, materials of
instruction, and visual aids (see Appendix C);

4. a list of the skills and knowledges that are common to all occupations
and a list of those that are common to several occupations in the
cluster (see Appendix D);

5. the course outline itself, divided into Level I and Level II programs.
Units of instruction have been developed to provide the manipulative
and verbal learnings required for job entry into each of the occupations
found in the cluster. A list of suggested learning activities has
been provided for each unit as well as a list of instructional
materials for each occupational area. (Sce Appendix E)

The volume of instructional plans outlines io detail the implementation

of the course outlines. The tasks and areas of human requirement are arranged

in an instructional sequence for each occupation. Suggested teaching methods,

instructional materials, student activities, and evaluation procedures are

found opposite each area (objective) of human requirement. Instructioncil

plans for occupational information are found at the end of each occupation.

The instructional plan for Task No. 4, Erecting Wooden Guides and Columns, in

the occupation carpentry which is in the construction cluster is found in

Appendix F. Similar plans were developed for all of the tasks in all

occupations in all clusters. The occupational information unit for carpentry

is also found in Appendix F.

Cost of Materials to User

The course outline volumes and the instructional plans volumes can be

obtained for a nominal cost from the ERIC Clearinghouse and the National

Cash Register Company in Bethesda, Maryland. The major expense in using

the cluster concept approach involves equipping the laboratories; this amounts

to $25,000 to $40,000 for each cluster. An additional expense, which is

sometimes significant, is often required for teacher training.



F
i
g
u
r
e
 
2
.

T
h
e
 
b
r
e
a
k
d
o
w
n
 
o
f
 
a
n
 
o
c
c
u
p
a
t
i
o
n
,
 
W
e
l
d
i
n
g

T
a
s
k
s

L
e
v
e
l

A
r
e
a
 
o
f
 
H
u
m
a
n
 
R
e
q
u
i
r
e
m
e
n
t
s

D
e
g
r
e
e
 
o
f
 
C
o
m
m
o
n
a
l
i
t
y

(
E
x
a
m
p
l
e
 
f
r
o
m
 
t
o
t
a
l
 
c
f
 
5
2
)

#
5
.

A
r
c
 
w
e
l
d
i
n
g
 
f
e
r
r
o
u
s

I
C
o
m
m
u
n
i
c
a
t
i
o
n
s
 
(
E
x
a
m
p
l
e
 
f
r
o
m
 
t
o
t
a
l
 
o
f
 
6
)

m
e
t
a
l
s
 
w
i
t
h
 
A
.
 
C
.
 
w
e
l
d
e
r

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
 
t
o
 
d
e
t
e
r
m
i
n
e
 
t
y
p
e
 
o
f

C
o
m
m
o
n
 
t
o
 
a
l
l
 
o
c
c
u
p
a
t
i
o
n
s

t
o
 
p
r
o
d
u
c
e
 
a
 
h
o
r
i
z
o
n
t
a
l

w
e
l
d
 
r
e
q
u
i
r
e
d

i
n
 
t
h
e
 
c
l
u
s
t
e
r

t
e
e
 
j
o
i
n
t
.

M
e
a
s
u
r
e
m
e
n
t
 
(
E
x
a
m
p
l
e
 
f
r
o
m
 
t
o
t
a
l
 
o
f
 
3
)

M
e
a
s
u
r
i
n
g
 
s
t
o
c
k
 
w
i
t
h
 
a
 
r
u
l
e
 
o
r
 
s
c
a
l
e

t
o
 
d
e
t
e
r
m
i
n
e
 
l
e
n
g
t
h

M
a
t
h
e
m
a
t
i
c
s
 
(
E
x
a
m
p
l
e
 
f
r
o
m
 
t
o
t
a
l
 
o
f
 
4
)

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
a
l

p
a
r
t
s
 
o
f
 
o
n
e
 
i
n
c
h
-
-
a
d
d
i
n
g
 
f
r
a
c
t
i
o
n
s

t
o
 
d
e
t
e
r
m
i
n
e
 
e
x
a
c
t
 
d
i
m
e
n
s
i
o
n
s

S
c
i
e
n
c
e
 
(
E
x
a
n
p
e
 
f
r
o
m
 
t
o
t
a
l
 
o
f
 
2
)

E
x
p
l
a
i
n
i
n
g
 
t
h
e
 
e
l
e
c
t
r
o
n
 
t
h
e
o
r
y
 
o
f

c
u
r
r
e
n
t
 
f
l
o
w
 
i
n
 
w
e
l
d
i
n
g

C
o
m
m
o
n
 
t
o
 
a
l
l
 
o
c
c
u
p
a
t
i
o
n
s

i
n
 
t
h
e
 
c
l
u
s
t
e
r

C
o
m
m
o
n
 
t
o
 
a
l
l
 
o
c
c
u
p
a
t
i
o
n
s

i
n
 
t
h
e
 
c
l
u
s
t
e
r

C
o
m
m
o
n
 
o
n
l
y
 
w
i
t
h
i
n

w
e
l
d
i
n
g

S
k
i
l
l
s
 
(
E
x
a
m
p
l
e
 
f
r
o
m
 
t
o
t
a
l
 
o
f
 
2
8
)

L
a
y
i
n
g
 
o
u
t
 
s
t
o
c
k
 
w
i
t
h
 
a
 
c
e
n
t
e
r
 
h
e
a
d

C
o
m
m
o
n
 
t
o
 
m
o
r
e
 
t
h
a
n
 
o
n
e

o
c
c
u
p
a
t
i
o
n

I
n
f
o
r
m
a
t
i
o
n
 
(
E
x
a
m
p
l
e
 
f
r
o
m
 
t
o
t
a
l
 
o
f
 
1
4
)

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
t
y
p
e
 
o
f
 
f
i
l
e

C
o
m
m
o
n
 
t
o
 
a
l
l
 
o
c
c
u
p
a
t
i
o
n
s

i
n
 
t
h
e
 
c
l
u
s
t
e
r



Procedures for Using Product

Learner Activities

Procedures for using the Cluster Concept Program are somewhat more com-

plex than those for using a standard vocational education program. Student:s

may work on a greater variety of projects in the same workshop at the same

time; projects related to all the occupations in a cluster may be underway at

the same time in the workshop whlere the cluster is being taught. Many types

of equipment, tools, and materials are in use at one time, and students can

work at their own rates. Programmed instructional materials allow the student

to proceed without teacher assistance and provide for self-evaluation and

review; however, not all of the material is programmed. Typical activities

in a day include both individual and group efforts. Students often c,ork on

individual projects based on their particular interests; these proje(ts pro-

vide experience in research, design, and manipulative activities. Many areas

of human requirements are presented to a group of students by demonstration,

lecture, or reference to a text; then students practice the "area" or skill.

Whether the learning takes place in a group or individually, each task is

approached methodically by mastering the necessary areas of human requirement.

Students deal with concrete problems. While students might wonder what

possible use they will ever have for the knowledge that a2 b2 = C2 or that

the Battle of Waterloo was in 1815, they know what they will be able to do as

a result of accomplishing the cluster concept tasks. And because the Cluster

Concept Program breaks learning tasks into small elements (i.e., areas of

human requirements or specific behavioral objectives), rapid and successful

progress can be made in achieving the stated objectives. To accomplish a

task, each student moves sequentially, at his own rate, through areas of

human requirements. Since the tasks are also referenced, the students build

on previous learning while acquiring the job entry skills for an occupatiel

The students can find satisfaction in the completion of physical tasks and

can demonstrate real products as a result of their efforts. Students thus

have the opportunity, so rare in general high school education, to use what

they learn, rather than just storing new-found knowledge in some brain

cranny and hoping dubiously that there will be a need for that information

at same point in the future.

Donald Maley, Director of the Cluster Concept Project, expressed it this

way:

9
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"The opportunities to realistically use mathematics, science, comuni-
cations, and one's social skills are tied to practical applications in
a new dimension for meaning. As an example, many non-readers in the
regular school program literally devour the printed manuals of the
automotive laboratory. Yes, reading in this case is for a purpose and
the reason for reading is based on the need to know."

Of major importance to student motivation is the fact that the vocational

education student will probably begin his employment within a year or so after
completing his courses. By comparison, a student going on to college cannot

anticipate the beginning of his career for several years beyond high school.

The Cluster Concept Program has two two-hour periods daily instead of
the three-hour periods which are typical in vocational education programs.
With two periods per day, the cluster program can more easily be fitted into
the general curriculum program. It can thus provide employment opportunities
for the student while permitting him to remain in the main stream of the
educational program of the school.

Teacher Activities

The Cluster Concept Program recommends and provides for various teaching

strategies through course outlines and instructional plans. Demonstration

lessons involve the teacher in "show and tell" activities with the student and

allow the student to practice the new skill in the teacher's presence.

Teachers prepare job sheets which contain written instructions, illustrations,

and a list of necessary tools and materials. The job sheets are used to

assign work to students and to teach the operations necessary to perform a
task. Instructional aids, such as models, films, and charts, are used to

strengthen units which are generally of a verbal nature. These aids expose

students to operations which cannot be covered in the classroom or on field

trips and provide a means of enlarging hard-to-see demonstration areas.

Teachers often work in pairs to pool the talents of staff members. They also

make use of resource people from outside the school to present a unit of

instruction through a coordinated effort. Organiza.tional or occupational

information is frequently presented to groups of students through lectures.

By using this variety of instructional strategies, the cluster concept

teacher is able to give individual attention to each student. While the

students are working individually, the teacher can "float" among the students

and work areas.
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the students are working individually, the teacher can "float" among the

students and work areas.

Most teachers of standard, single-occupation oriented vocational educa-

tion courses need more training before they can teach a cluster concept

course, since a greater variety of skills are taught. A teacher of a

standard vocational education course may be a master carpenter, but for the

construction cluster, he would need electrical, masonry, painting, and

plumbing skills as well. A tentative teacher preparation program was de-

veloped. The materials for the program included a 'isting of the major

topics to be covered and a series of unit outlines under each topic. No

other teacher training materials or opportunities are now available.

Considerable out-of-class preparation is also required even for well

trained teachers, but these duties are no more than the teacher of a

standard vocational education course would have. Construction materials must

be ordered and inventoried, and job sheets (if used) must be prepared. The

degree of detail provided by the course outlines and instruction plans perhaps

even alleviates the out-of-class preparation load required of all vocational

education teachers.

Provisions for Parent/Community Involvement

As noted above, the teacher often uses resource people from outside the

school to help in the presentation of a unit of instruction. Furthermore,

the school staff maintains various modes of interaction with leaders of

industry to help assure the placement of their students. Parents have not

been directly involved in major aspects of the Cluster Concept Program.

Special Physical Facilities or Equipment

In general, the Cluster Concept Program required considerably more

equipment than typical standard high school vocational education shops have.

Appendix C of the Phase IV Final Report provides a complete list of tools,

equipment, and materials needed for each cluster. (Maley, 1969)

Recommended Assessment Techniques for Users

The area of feedback of student progress is not left to chance in the

Cluster Concept Program. If the student has performed a task in the

teacher's presence, both student and teacher know that the student has met

the objective. An observer needs only to watch the student perform to

evaluate his skill. There is little need to draw facts or thought processes

from the student to determine if the desired learning is taking place.

11



While observation of student performance is the predominant method of

evaluating a student's progress, quizzes, tests, and reports are also

utilized. Optional points for use of these available testing instruments

are indicated in the instructional plans.

As a means of recording evaluation information and of further motivat-

ing the student, the cluster concept provides each student with a Task

Evaluation Chart listing all of the task statements that make up the

objectives of the student's cluster. As a student progresses through the

course, the instructor marks each task as satisfactorily or unsatisfactorily

accomplished. Accomplishment of a task does not mean that the student has

performed the task once, but it means that he has mastered the performance

of the task through repeated practice. Copies of the Task Evaluation Chart

are provided for the student, his parents, the school personnel, and the

student's prospective employer. With such a detailed account of his

capabilities at hand and knowing that an evaluation of his work is available

for all concerned, most students demonstrate motivation to master the tasks

listed.

ORIGINS

Key Personnel

Key personnel were from the University of Maryland. Donald Maley, who

is a professor and head of the Industrial Education Department, was the

principal investigator. Walter S. Mietus, who has extensive experience in

teaching and industry, was the research coordinator. Nevin Frantz was the

learbr of the research staff, while working on his doctorate and prior to the

arrival of Dr. Mietus. The research associates were: Joseph Abromaitis,

Gregory Berbert, Luther Burse, John Gallinelli, and Kenvyn Richards.

Dr. Maley developed the ideas that evolved into the Cluster Concept

Program. From the beginning to the end, he was the man behind the idea. Dr.

Mietus and Mr. Frantz provided the administrative and research support that

was needed. The research associates did much of the leg work and many of

the production tasks.

12

/9



Sources and Evolution of Ideas for Product

The inspiration for the Cluster Concept Program came directly from the

personal experiences of Dr. Maley. Dr. Maley graduated from a technical high

school during the depression and was fortunate enough to find a job as a

sweeper in a local foundry. After 5-1/2 years there, Maley had reached the

level of management intern and decided he wanted to go to college. The

admissions officer at California State College in Pennsylvania frowned on

Maley's vocational background; he had no mathematics or science courses. But

the college president intervened in his behalf, feeling that experience in

industry must have been of some value, and allowed him to enroll in the

industrial arts department. The fact that he was nearly not admitted to

college because of his vocational arts background made a great impression on

Dr. Maley. He realized how easy and frustrating it can be to become limited

by your background. He has since been devoted to the idea that such limita-

tion is unnecessary and should be eliminated.

Other experiences in Dr. Maley's youth also played a part ix his forma-

tion of the cluster concept. He grew up in a coal mining area where he saw

many young people go to work in the mines. When mines closed down, there was

nothing else they could do, nowhere else they could go. Many spent much of

their lives on welfare and in poverty, hoping in vain that the mines would

someday reopen. Here was a situation in which a group's range of skills was

so narrow that their years of productivity were greatly diminished fr lack

of geographical mobility. As an intern at the Martin Company while working

toward his doctorate, Dr. Maley recognized the need for mobility within an

industry.

Dr. Maley has long been involved in innovative vocational education

programs. He feels that the standard vocational education course that con-

centrates on pump handle lamps, tin cups, or book ends is a waste of the

students' time. Statistics he cites seem to indicate that the students also

believe this. Ninety-five percent of the boys in Maryland take industrial

arts in junior high school; it is a required course. In ninth grade, however,

when it is no longer required, many students drop out.

In 1952, Maley developed a program called Research and Experimentation

in Industrial Arts in an attempt to make industrial arts courses more appeal-

ing to students. Although the program was not funded until 1959, it turned

out, according to Dr. Maley, to be a great success. The program used the

13
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scientific method cf problem solving and applied that method to materialistic

rather than scientific elements of the culture.

In 1954, Dr. Maley developed the Maryland Plat', a junior high school

industrial arts program that integrates mathematics, science, communications,

and social sciences into industrial arts activities and also makes extensive

use of inquiry, preLlem solving, and experimentation techniques.

The history of Dr. Maley's Industrial Education Department at the

University of Maryland can be viewed as a factor in the development of the

cluster program. Dr. Maley sees the department as unique. In existence

since the 1930's, Industrial Education at first shared meager facilities with

the Engineering Department. R. Lee Hornbake joined the staff as head of the

department in 1945. His philosophy was a departure from the accepted belief

that an industrial arts course should be designed around job and task analyses

and that students should be molded to fit specific jobs. Hornbake placed more

emphasis on the importance of people--he felt that courses should be designed

to fulfill people's desires and to maximize their capabilities. As Dr. Horn-

bake's assistant, Dr. Maley assimilated the orientation-to-people philosophy

which still permeates the Industrial Education Department today.

Thus the idea of the cluster concept was not a sudden inspiration that

came to Dr. Maley; rather it was the culmination of a lifetime of personal

and professional experience. Other factors than those already mentioned were

also tilportant in Maley's formulation of the concept. For one thing, Maley,

realizing that many students graduating from college still do not know what

career they want to follaw, refused to accept the idea that most high school

students are ready to choose one specific occupational goal. Most vocational

education programs have the effect of locking a student into one occupational

course after he has made even the most tentative and superficial career

decision. Also relevant were the problems surrounding interest and aptitude

tests that are so widely used by students, parents, counselors, and teachers

in determining the best curriculum for individual students. Such tests never

point to a specific occupation field; no test result ever recommends that a

youngster be a riveter. Rather, one or more broad categories emerge as the

student's area of interest or capability.

After more than 15 years of germination, the cluster concept finally

sprouted in 1965 with Donald Maley's proposal to tlie U. S. Office of Education.

14



The efforts of many people went into the proposal. Maley submitted it to the

university vice president, the dean of the School of Education, Dr. Hornbake,

and the State Departnent of Education for comment and advice. They all

received the idea of the cluster concept enthusiastically and helped Dr.

Maley fill the "holes" in his proposal.

In March 1965, Dr. Aaley was told the proposal would be approved. He

then proceeded to hire Nevin Frantz and four graduate assistants. However,

by September the contract was still not signed. Maley was over committed--

he had staff but no money to pay them. Before government money came through,

the university contracts officer agreed to give Maley an account with which

he could pay his staff. Finally, the contract was signed and work began to

proceed as scheduled.

Funding for Product

Development of the Cluster Concept Program was supported by U. S. Office

of Education funds. Each development year a proposal was submitted and funds

were obtained. Total support amounted to $278,731.

This total amount can be broken down in the following way:

1. Development:
Evaluation:

$150,000
28 731

2. Salaries:
Materials, etc.:

$152,183
126,548

$278,731 $278,731
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PRODUCT DEVELOPMENT

Management and Organization

The Cluster Concept Program was developed by members of the Industrial

Education Department at the University of Maryland. Dr. Maley rates the

department, which he heads, as one of the top three in the country. Vocational

education, industrial arts, and management training are included in Maley's

Industrial Education Department; typically, each of these areas makes up a

separate department, and communication between the departments is rare.

Dr. Frantz was the first leader of the research staff. The staff were

all friends socially, but Maley did not participate in their social activities.

Maley reported, however, that he and the staff knitted themselves together

into an effective team. According to Maley, the research team wader Frantz

did unbelievable amounts of work; they worked above and beyond their duties;

while most were committed for 20 hours a week, they often worked 40 hours.

At the start, Maley sold Frantz on working on the Cluster Concept Project.

Then, Frantz convinced the others. They were hesitant at first and saw it

would be lots of work. They became enthusiastic. It wasn't like taking lay

people and indoctrinating them into technologies as well as into a new program.

They were already skilled in vocational education; what was new was the theory.

After the first two years, Frantz, as planned, received his doctorate and

left. Dr. Mietus then joined the staff. The change in directors of research

caused no lisruption. Even though as Maley said, the staff "would have walked

through fire for Nevin," they regarded working with Mietus as a good opportunity

as they respected his experience.

Personal talents decided task assignments. Usually the director of

research took care of the consultants and resource people. Teacher training

duties were shared by all. The staff worked on the clusters with which they

were r.ost familiar. There was a great deal of fluidity, however, as everybody

"pitched in" on many tasks.

Orisinal Development Plan

The original development plan called for a four year time schedule.

Cluster Concept Programs were to be developed as alternate forms of vocational

education in response to constructive suggestions gleaned from the research in

related disciplines. The programs were to be aimed at preparing eleventh and

16
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and twelfth grade youths for entry level capability into a variety of related

rather than specific occupations. The development of these programs was to

be based on the premise that educational experiences encompassing a range or

related occupations appear defensible for most secondary students who hP.,e no

realistic basis for decision making when selecting to study a specific LLade.

The programs were to be designed to enhance the individual's employability by

providing a wide range of transferable entrance skills. ammon job elements

were to be incorporated in the programs to promote articulation vertically

and horizontally across several occupations.

The project was to be divided into four phases, each one year long.

During Phase I, the acceptability and feasibility of Cluster Concept Programs

was to be determined and some curricula for the occupational clusters was to

be generated. Phase II was to focus on the production of curriculum guides,

course outlines, and instructional materials and the selection and training

of teachers to implement the programs. Phase III was planned as an evaluation

of the first year of field experimentation and implementation. Phase IV was

to be an evaluation of the second year of experimentation with the pilot pro-

grams and was to include placement activities.

Modification of Original Development Plan

Actual procedures for development of the Cluster Concept Program closely

followed those specified in the original development plan. (See major event

flow chart on pages 18-21 for an overview of the history of the product.)

The activities planned for the four phases were the activities actually com-

pleted. One major modification was made in the scope of the product. Origi-

nally it was planned that a minimum of seven clusters would be produced.

However, within the first six months of operation, they decided they could not

possibly handle seven clusters, so they aimed at three. Maley said he was

"like a kid in an ice cream parlor." He wanted to do so many clusters, but he

didn't realize the complexity of what was iuvolved. They had also expected to

write new texts to use with the courses, but they could only find time to

write course outlines and instructional plans for each clu_tr.
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Actual Procedures for Development of Product

Development

The actual development of the Cluster Concept Program occupied four

phases, each one year long, from August 1965 to August 1969. Each year dealt

with a separate phase of development and analysis.

Phase I, lasting from August 1965 to August 1966, began with an exhaustive

literature study in the areas of related studies, sociological factors,

employment trends, economic trends, educational points of view, and potential

research procedures. A series of studies aimed at determining the accepta-

bility and feasibility of the cluster idea were also conducted. The results

of these studies, which were actually structured interview sessions with a

number of people representing industry, labor, and education, suggested that

the cluster concept idea was both acceptable and feasible. The next major

endeavor by the project team was a thorough study of occupations, job

requirements, relationships between occupations and systems of classification

that would lead to the development of valid occupational clusters.

The cluster development model in Agure 4 diagrams the series of steps

through which the project moved in its actual selection of a series of

clusters. One of the first procedures in the identification and development

of a series of clusters was to review the following occupational classification

indexes:

1. Dictionary of Occupational Titles
(U.S. Department of Labor)

2. Classified Index of Occupations and Industries
(U.S. Department of Commerce)

3. Alphabetical Index of Occupations and Industries
(U.S. Department of Commerce)

4. International Standard Classification of Occupations
(International Labor Office, Geneva, Switzerland)

5. Manual of Enlisted Military Occupational Specialities
(U.S. Army)

6. Occupational Handbook for Alrmen
(U.S. Air Force)

7. A Guide to Occupational Specialities and Schools
(U.S. Marine Corps)

8. U.S. Navy Occupational Handbook
(U.S. Navy)
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This accomplished, and the review of cluster programs and researcn completed,

the actual identification of clusters of occupations could take place. The

identification process was predicated on several independent bur: related

ideas. These included the matter of criteria for the establishment of a

cluster, commonality among selected occupations for a cluster, and a set of

criteria that could be applied to the identification of occupatims to be

included in a cluster.

One of the techniques used in establishing clustex: was based upon a

procedure proposed by Altman and Gagne (1964) and which includes the following

steps:

1. Preparation of a list of criteria to use in selecting

occupational clusters and specific occupations within

the clusters.

2. Development of a group of possible occupational

clusters and selection of several clusters from the

group for further analysis.

3. Development of a number of possible occupations for

each cluster and selection of those occupations

meeting the established criteria for further analysis.

The following criteria for the establishment of the clusters were

specified:

1. The cluster of occupations should be in the area of

vocational-industrial edu,:ation.

2. The cluster should include occupations tint have

similarities in the areas of processes, materials, and

products.

3. The cluster of occupations should be broad enough to

include a wide variety of skills and knowledge.

4. The occupations in a cluster should not require more

than a high school education for entry employment.

5. The occupations in the cluster should provide the

potential for in-plant as well as geographical mobility.

Potential clusters that were identified in the early development of the

project focused on such areas as:

Medical and Health
Home Facilities
Heavy Construction
Light Construction
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Machining and Farming
Electricity and Electronics
Communications
Transportation
Food Processing
Office Occupations
Mechanical and Fabrication
Repair Service and Maintenance
Personal Services

Since it was felt that the occupations within a cluster should have

certain bonds of commonality among them, a number of common elements were

established. They are:

1. Communications: vocabulary, symbols, drawings and blue-

prints, systems of communication, speech, English, maps

2. Measurement: time; temperature; weight; volume; length,

width, and depth; meters (electrical and mechanical);
instruments; systems of meastrzement

3. Skills: hand, mental, machine

4. Mathematics and Science

5. Information: technical, operational, occupational, economic,
social, safety, personal hygiene, personal standards,
occupational and job standards

Prior to the acceptance of any occupation as part of a cluster, the

following criteria were applied.

1. The occupation must have a favorable employment

outlook.

2. The instruction related to the occupation must be

capable of being carried out in a secondary school

program.

3. The occupation should permit job entry upon graduation

from high school.

4. It must have sufficient skills and information to
provide an opportunity for the identification of
commonalities with other occupations.

5. The occupations should have opportunities for advance-

ment through further schooling, on-the-job tr:Ining

or apprentice programs.

Project limitations, associated with time, personnel, and facilities,

made it impossible to deal with all of the areas identified in a manner
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required by the goals and intent of the project. The final selection of

clusters for the project was as follows: Construction; Electro-Mechanical

Installation and Repair; and Wtal Forming and Fabrication. These three

clusters are listed in Figure !, on page 5, along with the appropriate

occupations in each. This selection completes the steps in the cluster

development model noted in Figure 4 on page 23.

Next, an extensive analysis of the three clusters was completed to

determine the type and kinds of human requirements associated with each. The

procedures that led from the identified cluster areas to the preliminary

courses of study are diagrammed in Figure 5 on the next page.

First, cluster occupations were analyzed ir tneir task requirements.

Each occupation was studied to determine what was required of the individual.

The net result of this effort was a series of task statements for each

occupation in the three clusters. The appropriateness of these tasks for the

particular occupations was established through a special panel of representa-

tives from industry and business. The group consisted of supervisory personnel,

business owners, and union officials. This panel determined the appropriate-

ness of the task to the particular occupation and established the level of the

task. Level I tasks were those that were needed for performing satisfactorily

upon entering the job. Level 11 tasks were advanced requirements that would

be needed within six months after job entry. The net result of the panel's

effort was a listing, for each occupation, of a series of task statements

identified as either Level I or Level II.

A further analysis of these Level I and II tasks was then made in terms

of the human requirements noted earlier. The combination of the task analyses

and the human requirement analysis provided necessary data for the development

of the courses of study. A tentative course of study was developed for each

of the three clusters; these materials were further refined in the second

phase of the project (see Appendices A through E for parts of the courses of

study as they finally appeared).

The second phase of the project was designed to provide the instructional

personnel, the physical facilities, and certain curriculum materials necessary

to carry out an experimental field study of the cluster concept.

Selection of teachers for preparation was the first major task of Phase

II. A series of conferences with top level school administrators (i.e.,

superintendents.and supervisors of industrial education from four countries)
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were conducted. The actual selection of teachers involved the following

interrelated considerations:

I. Each supervisor submitted a list of potential teachers
from his county, whom he thought would be capable of
handling such a program. The lists also included a
number of persons who had expressed an interest in the
program.

2. Group meetings were held with the identified teachers
from each country. The purpose of these meetings wus
to communicate the nature and purpose of the cluster
approach to vocational education.

3. A series of individual interviews was held with the
goal to get some appraisal of the candidate in terms
of--

commitment to teaching
warmth
cognitive organization
orderliness
indirectness
ability to solve problems

The following data were collected for each teacher candidate:

1. The results of a dogmatism scale

2. The results of interviews

3. An evaluation of occupational experierce

4. The nature of tne teaching experience

5. The candidate's formal education

6. An appraisal of the school administration in terms
of its acceptance and cooperation

7. The school or laboracory facilities appropriate
for the program.

The final selection of the teachers was baseu upon a careful study of

the accumulated data on each teacher by a committee consisting of the local

supervisor, the Assistant State Director of Vocational Education, the

Coordinator of the Cluster Concept Project, and the Principal Investigator.

Initial selection resulted in all four counties having one teacher for each

of the three clusters, except one county which did not have anyone for the

electromechnaieal installation and repair cluster.



The teacher preparation phase of the project took place during the Spring

Semester and the Summer Session of 1967. During the Spring Semester, large

group, small group, individual, and seminar meetings were the instructional

procedures. Team teaching, educational media, self-analysis, independent

study, class presentations, and class discussions were the instr-actional pro-

cesses employed to achieve the following objectives.

1. Developing an understanding of tLe cluster concept
as a program in vocational education at the secondary

school level

2. Developing capability in preparing objectives in
behavioral terms

3. Developing an understanding of the research procedures
utilized in formulating content for the occupational
clusters of the program

4. Applying knowledge about the types and proper use of
instructional materials for a Cluster Concept Program

5. Applying information about a range of instructional
systems and methods appropriate for use in a Cluster

Cancept Program

6. Applying knowledge about a range of evaluation methods
for use in a Cluster Concept Program

The Summer wirkshop phase of the teacher preparation centered on two

major objectives.

1. The development af the needed technical skills as well
as the knowledge required to complement Cluster Concept
Programs

2. The preparation of instructional materials needed to
teach the occupational clusters

The sunmer workshop activities included internships in indtistries direct-

ly related to the teacher's cluster area, small group and sendnar sessions,

instructional materials development, special technical training workshops,

development of occupational information files, instructional aids workshops,

industrial visitation, program development, and teacher education program

development.

Several products resulted from the second phase of the Cluster Concept

Program. A tentative teacher preparation program, which included a listing

of the major topics to be covered and a review of cinit outlines under each
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unit, was developed. Topics and sub-topics of this program included:

I. Professional Competency Development for Cluster
Concept Programs

A. Cluster Concept Orientation

B. Research Procedures Used in Determining Content
for Occupational Clusters

C. Task Analysis Techniques

D. Preparation of Objectives in Behavioral Terms

II. Organization and Administration of Cluster Concept

Programs

A. Program Development

B. Methods of Teaching

C. Evaluation of Program and Curriculum

III. Technical Competency Development for Cluster Concept

Programs

A. Development of Technical Skills in the Specific

Cluster

IV. Instructional Materials Developmeni for Cluster Concept

Programs

A. Function of Instructional Media

B. Types of Instructional Media

C. Locating, Previewing, and Evaluating Commercially

Prepared Materials

D. Construction of Materials

Also during Phase II, the course outlines were improved, and a listing

of equipment, tools, and physical facilities for each of the clusters was

completed. Finally a number of teachers were prepared to initiate pilot

programs in their schools.

Formative Evaluation (First Year of Field Experimentation)

Purpose. The third year of the project focused on e.-smining and evaluat-

ing the cluster concept in a series of pilot programs conducted in the public

secondary schools of the four counties from which the teachers were previously.

selected. The primary aim was to evaluate, in a "field setting," the
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adequacy and effectiveness of the curriculum guides, course outlines, and

preparation of the teachers. The research conducted was characterized as

"aexperimental" (Guba, 1965) where several variables were investigated. Full

control of all the variables necessary for an ideal experiment uas not

achieved; therefore, this pilot testing was completed in the tradition of

quasi-experimental design with full recognition of the factors which render

the results equivocal. It was anticipated that such a pilot study would
f

provide descriptive, comparative, and quantitative data that would contribute

to the further refinement of the cluster program as well as present additional

information about the problems and advantages of such an experience. In

particular, the answers to the following three questions were sought.

1. What is the impact of the Cluster Concept Progrm
on selected cognitive and affective behaviors and

the task performances (psychomotor behaviors) of

students?

2. Is the content of courses and instrucional materials

adequate and appropriate?

3. Is the educational process, in particular the adminis-
trative support, teacher effectiveness, and environ-
mental conditions, adequate and appropriate?

Subjects. While eleven teachers fram eleven schools in four counties

were selected, ten participated; one of the programs in the electro-

mechanical installation and repair cluster was discontinued. A total of 143

students were enrolled in the experimental cluster programs. Figure 6 on the

next page shows the number of students in each program (for each school by

cluster).

Treatments. The programs for the most part were conducted for one year

in comprehensive senior high schools. One program was in a vocational-

technical center associated with a comprehensive high school. Control and

experimental groups were established for each of the programs. This pro-

cedure was conducted on an individual school basis. Each cluster program

group was compared with a control group composed of students from a

traditional vocational education course. Comparability was established

through the use of intelligence test scores, lingual or verbal abilities, and

in one instance a mechanical reasoning test. Each school was considered and

evaluated as a separate experiment. This comparison of experimental and

control groups was made to answer the first question of concern, noted above.
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Figure 6. Number of Students in Experimental Cluster Programs

Program Construction Cluster
1 15

2 16

3 16

4 14
Total 61

Program Metal Forming and Fabrication
5 17

6 16

7 12

8 15
Total 60

Program Llectro-Mech. Inst. aad Repair
9 13

10 9

Total 22

Measures. To investigate this first question of coacern, the changes of

behaviors of subjects from the experimental and control groups were evaluated

by the administration of a battery of tests ac the beginning and at the end

of the school year. The tests included a newly developed achievement test

for each cluster, the Minnesota Vocational Interest Inventory, the D.A.T.

Mechanical Reasoning Test, and an instrument to evaluate the students'

knowledge of occupational information. The Cluster Concept Achievement Test,

developed by the research team, was designed to tap the content of the three

occupational clusters involved in the study. The following criteria were

used in building the test items for this instrument.

1. The items must be based on the content of "Level I"
tasks for the particular cluster.

2. The items must require a student to sclve a problem
or apply knowledges or skills.

3. The items must be practical with verbalism held to
a minimum.

4. The items sh,l'uld reflect the "Level I" human
requirements as outlined in the courses of study.

5. The items should be of the multiple-choice type
adapted to machine scoring.

6. A comprehensive test for each cluster was required.
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To answer the second question of concern, which dealt with the appropri-

ateness and effectiveness of the course and instructional materials, field

observations and records of specific overt behaviors of students and teachers

were made in the experimental groups only. The specific behavi .rs were

referred to as job tasks ans were set forth in behavioral objective terms.

The tasks were incorporated into the course materials, inventory charts, and

evaluation charts. Teacher progress in implementing the instrutional

materials and student progress were recorded by use of these devices.

To answer the third question of concern, which dealt with the evaluation

of selected supportive dimensions (e.g., administration, teacher, facilities,

community acceptance), the following devices were used to obtain research data

on the experinental group only: anecdotal records; personal vita and records

of teachers; survey inventory forms for tools, equipment, and materials;

drawings of facilities; visual mediums and written descriptions of work per-

formed; and student progress and evaluation charts.

Results. An analysis of the cluster achievement test data revealed the

follawing with respect to the first question of concern, i.e., the impact of

the cluster program on student performance.

1. Three construction cluster programs out of four achieved

significantly higher scores than the control group. Three

schools also were distinguished as making significant gains

on the basis of initial and final scores. One school made

very modest insignificant gains. None of the control

groups achieved significant gains on the achievement tests

2. All four schools implementing the metal forming and

fabrication cluster program made significant gains on the

achievement tests; no significant differences were

observed in the control groups. All experimental groups

achieved significantly higher scores than the control

groups on the posttests.

3. Three schools initially were involved with the implemen-

tation of the electro-mechanical installation and repair

cluster. Due to many failures to meet the specifications

presented, one school operation was discontinued. Of the

two schools, neither achieved significant gains or

significantly higher scores than the control group.

Data derived from the D.A.T. Mechanical Reasoning Test (from each of the

ten experimental and control groups) indicated that both types of vocational

education programs had insignificant effects on the development of the

abilities required to solve problems of applied science and technology.
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The pre- and posttest scores of the Minnesota Vocational Interest

Inventory indicated no clear patterns or trends. However, the cluster groups

showed more flexibility of occupational choice and expressed greater apprecia-

tion for obtaining broad entry level skills, as opposed to specific in-depth

training in high school, than did the control groups.

An analysis of the task performances was relevant to the second question

of concern, i.e., the appropriateness and effectiveness of the materials.

Students in the construction cluster completed from 34 to 67 percent of the

tasks; it was concluded that 50 to 66 percent of the tasks would need further

application the second year. Students in the electro-mechanical installation

and repair completed approximately half of the tasks; two-thirds of these were

marked for further teaching the second year. Students in the metal forming

and fabrication cluster completed from 50 to 67 percent of the tasks; 25 to

34 percent of the tasks were marked for further attention the second year.

The developers pointed out that the failure to complete specified tasks

was largely due to the lack of equipment, materials, and tools. Causes for

repeating tasks were also suggested by, them. They were the complex nature of

the tasks and the shortage of time for exercises due to delay in remodeling

or in setting up laboratories.

The third question of concern dealt with the evaluation of selected

supportive dimensions. An analysis of the relevant data suggested the

following positive outcomes.

1. The furnishing of an inventory of task statenents to
teachers, students, and parents provided a sense of
direction for the program, a list of expectations,
and an excellent communication device.

2. The ingenuity and resourcefulness of some of thr..1

teachers gave further clues regarding the nature and
kind of laboratory experiences appropriate for such
a cluster program.

3. The nature and kind of laboratory facilities required_
for the effective pursuit of cluster programs was
another important outcome.

4. The preparation and background of teachers was
another area of valuable insights. The proper
placement of teachers constituted a vital area of
understanding that grew out of the study.

5. The nature and kind of support by the board of educa-
tion, supervisor, and principal became important
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factors in the success and accomplishments of the

individual programs.

Formative Evaluation (Second Year of Field Experimentation)

The first year of the research established the acceptability and feasi-

bility of the programs and generated curricula for the occupational clusters

of: construction; metal forming And fabrication; and electro-mechanical

installation and repair. Completion of the second year resulted in the pro-

duction cf curriculum guides, course outlines and instructional materials

(now found in the course outline volumes and the instructional plans volumes)

and the selection and training of teachers to implement the programs. During

the third year of the project, an evaluation was made of the first year of

field experimentation and implementation. The primary purpose of the evalua-

tion was to determine, in a field setting, the adequacy and effectiveness

of the curriculum guides, course outlines, course contents, and the prepara-

tion of the newly trained teachers. Continuous feedback information and

infetences from the data gathered enabled the identification of areas where

improvement WAS needed and suggested how changes or additions could best be

made.

During the fourth year of the project an evaluation of the second year of

experimentation with the pilot programs was conducted. Since this year marked

the completion of the two-year program and graduation far the subjects, place-

ment activities were carried out and the first post high school jobs of

students were analyzed. Research procedures used during the evaluation were

replications of those used in the first year of the field experimentation. A

pretest/posttest with control and experimental group design was employed,

just as before.

purposs... Answers to the same three questions posed during the first year

field experimentation plus a question concerning placement were sought. These

questions were:

1. What is the impact of the cluster program on selected

cognitive, affective, and psychomotor (task performances)

behaviors of the subjects of the experiment?

2. Are the content and methods of the cluster program and

instructional materials sufficient and appropriate?

3. Is the educational process, e.g., administrative support,

teacher performance, and environmental conditions

adequate and appropriate?
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A. What is the employabilit. Af the graduatez; of the cluster
program in the occupatio:. for which they sought to gain
entry level skills?

Subjects. The same experimental and control groups that participated in

the first year field experimentaLion participated in the second year field

experimentation. The total "nts" varied, however, from the first to the

second year. (See Table 1 on the next page.)

Treatment. The experimental groups completed two academic years of

training in a cluster program taught by specially trained teachers. For the

same interval of time a comparable group, the control group, pursued singular

goal-directed vocational courses.

Measures. The same measures employed during the firt year field ex-

perimentation were employed during the second year. For purposes of answering

question one, which was concerned about program impact in student behavior,

the experimental and control groups were tested on a battery of pretests and

posttests measuring the variables considered central to determining the effect

of the experiences in the cluster programs. The initial administration of the

battery was completed in the Fall of 1967 and the final testing was completed

in the Spring of 1969. To answer questions two and three, the same measures

previously employed were utilized. For question four, new forms and inven-

tories were developed.

Results. An analysis of the cluster achievement test data revealed the

following with respect to the first question of concern, i.e., the impact of

the cluster program on student performance.

1. One construction program out of four attained the
objectives and achieved significantly higher scores
than the control group. The other three programs
achieved only moderate success and the experimental
group performed only slightly better then the control
group.

2. All four metal forming and fabrication programs
achieved the cognitive objectives; the experimental
groups scored significantly higher than did the
control groups.

3. Neither of the two electro-mechanical installation
and repair groups scored significantly higher than did
their control groups; both only managed modest changes
in behavior.

In summary, some programs were highly successful whereas others fell short of

aohieving the established cognitive objectives.
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Research data derived from the D.A.T. Mechanical Reasoning Test indicated

that both types of vocational education programs had an insignificant effect

on the development of the abilities required to solve problems of applied

science and technology.

Data derived from the Minnesota Interest Inventory were perplexing and

generally unsatisfactory for clear analysis. Small differences between pre-

and posttests and control and experimental groups were observed. No clear

patterns or directions of student preferences were found.

A supplementary instrument was designed by the research staff to obtain

an estimate of the student's knowledge and attitude relevant to selected job

factors such as human relations, job status, security, advancement, and

intrinsic and extrinsic feelings about jobs. A significant number of students

showed an awareness of the meaning of the fi.st job and the concept 01. career

development as a life-long process. More diversity or flexibility of express-

ed job choice was observed to take place within the cluster group than within

the control group. A greater degree of fluctuation in the direction of or

away from occupations the students actively studied was observed, whereas

less fluctuation of attraction for unfamiliar occupations was exhibited.

Thus far, all of the reported results pertained to question one, concern-

ing the impact of the cluster program on student behavior. To answer the

second question, which was concerned with the adequacy and appropriateness of

the content and instructional materials, an analysis of the data obtained by

the same instruments employed in the first year field experimentation was

conducted. During the two-year pilot programs no field operation completed

all the tasks structured into the programs. Programs implementing the metal

forming cluster completed from 67 to 98 percent of the tasks. The construction

cluster programs completed from 52 to 79 percent of the prescribed tasks. The

electro-mechanical cluster groups completed from 29 to 60 percent of the tasks.

There was sufficient evidence to indicate that, while the teachers understood

the requirements of the new programs, they lacked the ability to fully inte-

grate job task commonalities.

The third question was concerned with the evaluation of selected sup-

portive dimensions including the administration, teacher, physical facilities,

and community acceptance. Again, the same devices used to answer this question

during the first year field experimentation were used during the second year.

The use of school shops which were primarily designed for the study of a
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sinc.e occupation presented restrictions on the activities of the cluster pro-

grams. Some schools remodeled their facilities, thus providing the additional

space and power requirements. There was a severe time lag between requisition

and acquisition of tools, equipment, and materials. These problems caused Cie

teachers to artificially emphasize certain units of study while they awaited

the fulfillment of requisitions. The sequence and balance :If the structured

programs was disturbed. Where administrative support c,as strong, these

problems were gradually resolved, whereas in a few schools these pr blems con-

tinued for the two-year period.

The final question was concerned with assisting the subjects of the

cluster programs in making the transition from school to the world of work.

Efforts such as developing school and community awareness, the systematic

preparation and presentation of student cluster experiences, interests and

abilities, and the systematic analysis of employer activities, provided an

effective service to the students. Four weeks after graduation 80 percent of

the subjects were gainfully emploYed and up to 60 percent of the subjects were

working in cluster-related jobs. No longitudinal study was made since this

research terminated in August 1969.

The research completed with the pilot programs suggested that Cluster

Concept Programs have the potential of becoming effective, alternate forms of

vocational education. It was found that in some schools the programs did

significantly change the student behaviors in the direction of the stated

*objectives of the programs. Changes in cognitive abilities, broadena knowledge

and job interests, flexibility of occupatienal choice, and growth in the

performance of skill tasks were observed in some inetancee4. The developers

believe that the full power of the programs was not achieved in the pilot

programs. There was considerable evidence to suggest that continued work and

experience would be needed to bring out the optimum power of cluster programs.

SUKMATIVE EVALUATION

While the two years of field experimentation incorporated quasi-

experimental designs and while modifications were still being made in the

Cluster Concept Program, some of the findings could be considered as resulting

from summative evaluations. Pre- and posttesting of both an experimental and

control group duirng both years of field experimentation resulted in data

that, when analyzed, suggest the following:

3Q
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1. Some program components were highly successful, whereas
others fell short of achieving the established cognitive
objectives. In some instances the cluster concept
students performed significantly better than did 'le
control group; in other comparisons there were nt
significant differences between the two groups.

2. While there were nc clear patterns or trends in the
affective area, there was a tendency for the cluster
concept students to show more diversity or flexibility
in job choice and to express a greater appreciation
for obtaining broad entry level skills than did the
traditional vocational education students.

Jw During the two-year pilot programs no field operation
completed all the tasks structured into the two-year
sequence of programs. The range of f-asks completed,
across clusters and students, was 29 percetit to 98
percent. Failure to complete these tasks was
attributed to: the lack of equipment, materials, ard
tools; the shortage of time and exercises dne to delays
in setting up laboratories; and the lack of teacher
ability to fully integrate job task commonalities.

4. As suggested in "3," the selected supportive dinensions,
including administration, teachers, physical facilities,
and community acceptance, did not always positively
affect the Cluster Concept Programs. Facilities were
restrictive, and consequently the teachers often could
not present the programs as designed. Administrative
and community support varied.

5. FJur weeks after graduation 86 percent of the students
were gainfully employed, and about 60 percent were
working in cluster-related jobs.

In short, while the results are not conclusive, there was evidence that in

some schools the programs did significantly change the student behaviors in

the direction of the stated objectives of the programs. Changes in cognitive

abilities, broadened knowledge and job interests, flexibility of occupational

choice, and growth in the performance or skill tasks were observed. Most

importantly, a substantial number of graduates entered the world of work by

being placed in cluster-related jobs. Additional developmental and

evaluative efforts are needed to determine the potential of the cluster

concept approach as an alternate form of vocational education.
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DIFFUSION

Diffusion activities have been very limited and were conducted by the

developers themselves. These activities included:

1. those related to the teacher selection and preparation

for the field experimentations, e.g., workshops and

conferences;

2. those related to the actual field experimentation, e.g.,

placement activities; and

3. sending the materials, upon request, to interested
educators with subsequent followup discussions.

No diffusion strategy was apparent.

While the Cluster Concept Program is compatible with typical school

practices, some characteristics of the program are critical. The facilities

required are often more than many schools can afford. No teacher training

is available, but teacher training is vital. Maley, himself, likened a

regular vocational education teacher teaching the Cluster Concept Program

for the first year to a pilot of a Piper Cub flying a 747 for the first

time. The costs of the Cluster Concept Program materials are minimal, but

the cost of equipping a laboratory for one of the clusters is $25,000 to

$40,000.

ADOPTION

No record of the location, description, or number of users is available.

A list of interested inaviduals who requested the materials from Maley is

available.

FUTURE OF THE PRODUCT

Maley had hoped to continue his research and development beyond the four

years. A proposal was prepared for the fifth year, but was not funded. The

following activities have been conducted on a very small scale by some of the

original developers: assistance to schools, further evaluatiln studies,

placement and performance research, and development of additional clusters.

The State of Maryland did not continue with the cluster concept approach,

even though they were the first involved. A few other states have expressed

serious interest in implementing the program. The developers felt that the
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state departments of education should push the Cluster Concept Program--some

have, but many have not.

It is interesting to note that the present trend toward career education

has given new impetus to the "cluster concept idea." The cluster concept

approach developed by Maley plays a critical role in current career education.

The Cluster Concept Program is thus having an impact even though, as a pro-

duct, it is probably used by very few.

CRITICAL DECISIONS

The following events are a good approximation of crucial decisions made

in the four-year developmental history to the Cluster Concept Program. For

each decision point, the following types of information were described: the

decision that had to be made, the alternatives available, the alternative

chosen, the forces leading up to choosing a particuiar alternative, and the

consequences resulting from choosing an alternattve.

Although an attempt has been made to present the critical decisions or

turning points in chronological order, it must be clearly pointed out that

these decisions wel.-e not usually made at one point in time, nor did they

necessarily lead to the next decision presented in Che sequence. Many of the

critic. decisions led to consequences that affected all subsequent decision

making processes in some important way.

Decisivu 1: To Focus on the Cluster Concept Approach

The inspiration for the Cluster Concept Program came directly fram the

personal experiences of Dr. tqa!ey over many years. Thus the idea of the

cluster concept was not a sudden inspiration that came to Dr. Maley in a

flash of realization. When the cluster concept finally sprouted in 1965 with

Dr. Maley's proposal to the Office of Education, he was quite certain that he

wanted to develop a vocational education program directed toward the prepara-

tion of individuals for entrance into a spectrum of occupations. This

decision had both immediate and long-range consequences--some positive, some

negative. Most importantly it initiated the development of an alternative

vocational education program.

Decision 2: To Initiall Determine the Acce tabiiit and Feasibility of the
Prquam

The idea of a vocational education program directed toward :he preparation

of individuals for entrance into a spectrum of, rather than one specific,
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occupation was a new one and the developers needed some assurance and cooper-

ation from the real world that such a program was feasible and acceptable.

By conducting a series of studies aimed at determining the acceptability and

feasibility of the cluster idea, Lhe developers were able to share their

ideas with industry, labor, and education, to obtain useful feedback from

these sources, and to prepare these sources for the actual existenct of the

Cluster Concept Program.

Decision 3: To Employ a Cluster Development Model

Given some assurance that their ideas were not too far afiela, the

developers needed to study occupations, job requirements, relationships

between occupations, and systems of classifications that wrIuld lead to the

development of valid occupational clusters. The decision to employ a

cluster development model, which specified steps through which the project

should move in its actual selection of a series of clusters, greatly facili-

tated both the identification and development of the clusters and the

development of courses of study. By reviewing the literature, developing

criteria for clusters, identifying common elements, and specifying project

limitations, the developers were able to determine how many clusters and

which ones they could develop. Many of the specifics of the courses of

study were identified by employing the cluster development model.

acisiontro,EnirseDevelomentmodel
Once the three clusters were identified for develop...lent, the developers

needed to develop courses of study for each cluster. To employ a course

development model to develop these courses of study was an obvious necessity,

just as was the need to employ a model to select clusters. While the

developers had narrowed down the scope of their work from the entire world

of work of three clusters or about 13 broad occupational areas, they now had

to examine numerous details of each occupation. A model was necessary to

consider and to organize all the task requiremen7-s, levels, and human require-

ments. It also assured that the representatives from the various soui-s

discussed above would review the courses of study at critical stages in their

development.

Decision 5: To Select and Prepare Teachers

The Cluster Concept Program requires a teacher not oaly to understand

the instructional materials provided, but also to have more technical skills.
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A teacher of a standard vocational education course may be a master carpenter;

however, if he is solely responsible fer the complete construction cluster, he

needs electrical, masonry, painting, and plumbing skills a.4 well. During the

second year of the project, the developers very carefully "selected and

prepared" the teachers who would participate in subsequent field studies of

the Cluster Concept Program. This decision turned out to more important than

originally anticipated as the need for teacher training was much more crucial

to the successful implementation of the Cluster Concept Program than had been

initially considered.

Decision 6: To Tryout the Cluster Concept Program in the Classroom

Given the Cluster Concept Program developed in-house, the developers

needed descriptive, comparative, and quantitative data that would contribute

to the further refinement of the program as well as information about the

problems and advantages of such an experience. The decision to try ouL the

program in the classroom was actually made quite early and was indicated in

the original proposal. However, the consequences of _his decision were most

apparent during the latter phases of the project when, on the basis of actual

use in the classroom, the feasibility and acceptability of the program were

being determined for the first time. While the results from both years of

the pilot investigation were mixed, sufficient information was obtained and

distributed to suggest the importance of the Cluster Concept Program as an

alternative vocational education approach.

Decision 7: To Prepare For and Evaluate Placement

The decision to employ a placement strategy and to evaluate the effective-

ness of the Cluster Concept Program on the basis of how many graduates were

gainfully employed in cluster-related jobs was a decision rarely made by

vocational education leaders. In learning that after graduation 86 percent

of the students were gainfully employed and that about 60 percent were working

in cluster-related jobs, the developers felt some closure; they knew they had

a viable and perhaps effective alternate approach to vocational education.
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APPENDIX A

AN EXAMPLE OF A LISTING OF TASKS FOR ONE OCCUPATION

WELDING OCCUPATION, LEVEL I TASKS

1. Arc welding ferrous metals with A.C. welder to produce a horizontal butt
joint.

2. Arc welding ferrous metals with A.C. welder to produce a horizontal lap
joint.

3. Arc welding ferrous metals with A.C. welder to produce a hornizontal
outside corner joint.

4. Arc weAing ferrous metals with A.C. welder to produce a horizontal
inside eorncr joint.

5. Arc welding ferrous metals with A.C. welder to produce a hornizontal tee
joint.

6. Arc welding ferrous metals with A.C. welder to produce a vertical lap
joint.

9. Arc welding ferrous metals with D.C. welder to produce a horizontal butt
joint.

10. Arc welding ferrous metals with D.C. welder to produce a horizontal lap
joint.

11. Arc welding ferrous metals with D.C. welder to produce a horizontal
inside corner joint.

12. Arc welding ferrous metals with D.C. welder to produce a horizontal
inside corner joint.

13. Arc welding ferrous metals with D.C. welder to produce a horizontal tee
joint.

14. Arc welding ferrous metals with D.C. welder to produce a vertical lap
joint.

17. Pad welding low areas on metal stock to renew stock to original height.

18. Gas welding ferrous metals stock to produce a horizontal butt joint.

19. Gas welding ferrous metals stock to produce a horizontal lap joint.

20. Gas welding ferrous metals stock to produce a horizontal outside corner
joiht.

21. Gas welding ferrous metals stock to produce a horizontal inside corner
joint.
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22. Gas welding ferrous metals stock to produce a horizontal tee joint.

23. Gas welding ferrous metals stock to produce a vertical lap joint.

24. Gas cutting ferrous carbon steels.

25. Brazing ferrous metals to produce a horizontal butt joint.

26. Brazing ferrous metals to produce a horizontal lap joint.

27. Brazing ferrous metals to produce a horizontal outside corner joint.

28. Brazing ferrous metals to produce a horizontal inside corner joint.

29. Brazing ferrous metals to produce a horizontal tee joint.

30. Brazing ferrous metals to produce a vertical lap joint.

(Maley, 1966. F. 1-2)
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APPENDIX B

AN EXAMPLE OF A LISTING OF HUMAN REQUIREMENTS

Task 1: Arc Welding Ferrous Metals With A. C. Welder To Produce a Horizontal
Butt Joint

COMMUNICATIONS

1. Reading blue print to determine:

A a. Size and characteristics of the workpiece
A b. Type of weld required
A c. Finish and accuracy required
* d. Number of items to be welded
A e. Kind of material

2. Reading equipment manual to determine equipment set-up.

MEASUREMENT

A 1. Measuring stock with a rule or scale to determine length.

2. Checking fit up with a rule and square to obtain an accurate assembly.

3. Checking work with fillet gauges.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

SCIENCE

0 1. Explaining the physical properties of the fusibility of various metals.

0 2. Explaining the electron theory of current flow in welding.

SKILLS

1. Laying out stock with a:

A a. Square
A b. Rule or scale
A c. 'Combination square
* d. Center head
* e. Hemaphrodite call ers
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* f. Surface gauge
A g. Dividers
* h. Trammel points
A i. Scriber
A j. Center punch
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2. Cuttim= n,L11 to dimensions with:

* a. Hand hack saw
* b. Power hack saw
* c. Power band saw

d. Gas cutting torch

* 3. Grinding stock to specific dimensions.

0 4. Grinding a bevel on heavy plate for adequate penetration.

0 5. Connecting electrical components on welder according to manual
specifications.

A 6. Clamping work to obtain fit up.

0 7. Grounding work to obtain adequate conductance.

* S. Cleaning metal parts to be welded to obtain weld with necessary
strength.

0 9. Tacking fit up assembly to minimize warpage and buckling.

10. Preheating weld area to bring metal to proper welding temperature.

0 11. S'.:riking an arc to join metals together.

0 12. Running a bead on weld joint according to specifications.

13. Stopping and restartilg a bead for specific weld dimensions.

14. Cleaning weld with chipping hammer and wire brush for additional
welding or finished weld.

A 15. Rewoving burrs from finished work with:

a. File
b. Abrasive cloth

INFORMATION

A 1. Selecting appropriate layout tools for the task.

* 2. Selecting appropriate hacksaw blades for the task.

p 3. Selecting appropriate grinder for the task.

4. Selecting correct type of electrode for size and type of metal to be
welded.

-A Se3Pcting proper heat for type and thickness of metal being welded.

0 6. Positioning work to be welded in most advantageous position for
gravitational effects on appearance of bead.
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0 7. Applying different electrode angles in relation to type and thickness
of metal being welded.

(1) 8. Identifying flux for removal with chipping hammer.

A 9. Selecting proper type of file.

A 10. Selecting abrasive cloth for removing burrs.

11. Practicing proper safety precautions when using electric welding
equipment:

* a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0 c. Maintaining equipment regularly
* d. Shielding welding area

A Common to ali occupations in the cluster.
* Common to several occupations in the cluster.
0 Common within welding.

(Maley, 1966. Pp. 89-91)
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APPENDIX C
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APPENDIX D

AN EXAMPLE OF LISTINGS OF COMMON AREAS OF HUMAN REQUIREMENT--
NUMBERS REFER TO FREQUENCY OF APPEARANCE PER OCCUPATION

AREAS OF HUMAN REQUIREMENT COMMON TO ALL OCCUPATIONS IN THE
METAL FORMING AND FABRICATION CLUSTER

AREAS OF HUMAN REQUIREMENT

COMMUNICATION

1. Reading blueprints to dete:mine:

a. Size and characteristics of
work piece. . . . . .

b. Material to be used. .

c. Finish and accuracy. . .

d. Type of operation required

MEASUREMENT

1. Measuring stock with a rule or scale

MATHEMATICS

1. Applying knowledge of fractional parts
of an indh:

a. Adding fractions to determine
exact dimensions. . . .

b. Subtracting fractions to deter-
mine exact dimensions . .

c. Multiplying fractions to deter-
mine exact dimensions .

d. Dividing fractions to determine
exact dimensions. .

SKILLS

1. Laying out stock with a:

a. Rule or scale. . . .

32 59

53

. 31 51 9 14
31 52 9 9
27 52 9 14
26 52 9 9

17 52 13 10

25 52 19 7

25 52 19 7

. 25 52 19 7

25 52 19 7

18 51 9 7

(Maley, 1966, P. 161)



AREAS OF HUMAN REQU REMENT

b. Square. . . .

c. Combination square.
d. Dividers . .

e. Scriber . .

f. Center punch. . 0

18
10
17
17
9

51 9
51 1

51 9
31 10
51 10

7

1

6
6
3

2. Mounting stock with clamps 17 51 4 3

1. Mounting stock in a vise . 17 1 1 3

4. Removing burrs from stock with:

a. File 23 52 9 1

b. Abrasive cloth . 28 52 9 3

INFORMATION

. . 18 51 9 7

1. Selecting the appropriate layout
for the task .

2. Selecting the appropriate clamps
for the task . . 17 51 4 3

3. Selecting the appropriate vise
for the task . . 17 1 1 3

4. Selecting the appropriate file
for the task . 41. . 23 52 9 1

5. Seler!ting the applAJpriate anrasive
cloth for the task . . . 28 52 9 3

(Maley, 1966, P. 162)
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e
y
,
 
1
9
6
6
,
 
P
.
 
2
0
1
)



G
r
o
u
n
d
i
n
g
 
w
o
r
k
 
t
o
 
o
b
t
a
i
n
 
a
d
e
q
u
a
t
e

c
o
n
d
u
c
t
a
n
c
e
.

H
.

C
l
e
a
n
i
n
g
 
m
e
t
a
l
 
p
a
r
t
s
 
t
o
 
b
e
 
w
e
l
d
e
d

t
o
 
o
b
t
a
i
n
 
w
e
l
d
 
w
i
t
h
 
n
e
c
e
s
s
a
r
y

s
t
r
e
n
g
t
h
.

T
a
c
k
i
n
g
 
f
i
t
.
u
p
 
a
s
s
e
m
b
l
y
 
t
o
 
m
i
n
i
-

m
i
z
e
 
w
a
r
p
a
g
e
 
a
n
d
 
b
u
c
k
l
i
n
g
.

J
.

S
t
r
i
k
i
n
g
 
a
n
 
a
r
c
 
t
o
 
j
o
i
n
 
m
e
t
a
l
s

t
o
g
e
t
h
e
r
.

K
.

R
u
n
n
i
n
g
 
a
 
b
e
n
d
 
o
n
 
t
h
e
 
w
e
l
d
 
j
o
i
n
t

a
c
c
o
r
d
i
n
g
 
t
o
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
.

L
.

S
t
o
p
p
i
n
g
 
a
n
d
 
r
e
-
a
t
a
r
t
i
n
g
 
a
 
b
e
a
d

f
o
r
 
s
p
e
c
i
f
i
c
 
w
e
l
d
 
d
i
m
e
n
s
i
o
n
s
.

M
.

C
l
e
a
n
i
n
g
 
w
e
l
d
 
w
i
t
h
 
c
h
i
p
p
i
n
g
 
h
a
m
-

a
n
d
 
w
i
r
e
 
b
r
u
s
h
 
f
o
r
 
a
d
d
i
t
i
o
n
a
l

w
e
l
d
i
n
g
 
o
r
 
a
 
f
i
n
i
s
h
e
d
 
w
e
l
d
.

N
.

R
e
m
o
v
i
n
g
 
b
u
r
r
s
 
f
r
o
m
 
f
i
n
i
s
h
e
d
 
w
o
r
k

w
i
t
h
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
 
o
r
 
f
i
l
e
.

M
a
t
h
e
m
a
t
i
c
 
c
:

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
s

(
a
d
d
i
n
g
,
 
s
u
b
t
r
a
c
t
i
n
g
,
 
r
u
l
t
i
p
l
y
i
n
g
,

d
i
v
i
d
i
n
g
)
.

S
c
i
e
n
c
e
:
:

A
.

E
x
p
l
a
i
n
i
n
g
 
t
h
e
 
p
h
y
s
i
c
a
l
 
p
r
o
p
e
r
t
i
e
s
 
a
n
d

t
h
e
 
f
u
s
i
b
i
l
i
t
y
 
o
f
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
,

B
.

E
x
p
l
a
i
n
i
n
g
 
t
h
e
 
e
l
e
c
t
i
o
n
 
t
h
e
o
r
y
 
o
f

c
u
r
r
e
n
t
 
f
l
o
w
 
i
n
 
w
e
l
d
i
n
g
.

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

A
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
l
a
y
o
u
t
 
o
f
 
t
o
o
l
s
 
f
o
r
 
t
h
e
 
t
a
s
k
.

B
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
h
a
c
k
s
a
w
 
b
l
a
d
e
s
 
f
o
r
 
t
h
e
 
t
a
s
k
.

C
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
g
r
i
n
d
e
r
 
f
o
r
 
t
h
e
 
t
a
s
k
.

D
.

S
e
l
e
c
t
i
n
g
 
c
o
r
r
e
c
t
 
t
y
p
e
 
o
f
 
e
l
e
c
t
r
o
d
e
 
f
o
r
 
s
i
z
e
 
a
n
d
 
t
y
p
e
 
o
f
 
m
e
t
a
l
 
t
o
 
b
e

b
e
 
w
e
l
d
e
d
.

E
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
h
e
a
t
 
f
o
r
 
t
y
p
e
 
a
n
d
 
t
h
i
c
k
n
e
s
s
 
o
f
 
m
e
t
a
l
 
b
e
i
n
g
 
w
e
l
d
e
d
.

F
.

P
o
s
i
t
i
o
n
i
n
g
 
w
o
r
k
 
t
o
 
b
e
 
w
e
l
d
e
d
 
i
n
 
t
h
e
 
m
o
s
t
 
a
d
v
a
n
t
a
g
e
o
u
s

-
.
)
s
i
t
i
o
n

f
o
r
 
g
r
a
v
i
t
a
t
i
o
n
a
l
 
e
f
f
e
c
t
s
 
o
n
 
a
p
p
e
a
r
a
n
c
e
 
o
f
 
b
e
a
d
.

G
.

A
p
p
l
y
i
n
g
 
d
i
f
f
e
r
e
n
t
 
e
l
e
c
t
r
o
d
e
 
a
n
g
l
e
s
 
i
n
 
r
e
l
a
t
i
o
n
 
t
o
 
t
y
p
e
 
a
n
d
 
t
h
i
c
k
-

n
e
s
s
 
o
f
 
m
e
t
a
l
 
b
e
i
n
g
 
w
e
l
d
e
d
.

H
.

I
d
e
n
t
i
f
y
i
n
g
 
f
l
u
x
 
f
o
r
 
r
e
m
o
v
a
l
 
w
i
t
h
 
c
h
i
p
p
i
n
g
 
h
a
m
m
e
r
.

I
.

S
e
l
e
z
t
i
n
g
 
p
r
c
p
e
r
 
t
y
p
e
 
o
f
 
f
i
l
e
 
f
o
r
 
t
a
s
k
.

J
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
 
f
o
r
 
t
a
s
k
.

K
.

P
r
a
c
t
i
c
i
n
g
 
p
r
o
p
e
r
 
s
a
f
e
t
y
 
p
r
e
c
a
u
t
i
o
n
s
:

(
w
e
a
r
i
n
g
 
g
o
g
g
l
e
s
 
o
r
 
f
a
c
e

s
h
i
e
l
d
,
 
w
e
a
r
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
a
p
p
a
r
e
l
,
 
m
a
i
n
t
a
i
n
i
n
g
 
e
q
u
i
p
m
e
n
t
 
r
e
g
u
l
a
r
-

l
y
,
 
s
h
i
e
l
d
i
n
g
 
w
e
l
d
i
n
g
 
a
r
e
a
)
.

(
M
a
l
e
y
,
 
1
9
6
6
,
 
P
.
 
2
0
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)



T
Y
P
E

B
o
o
k

C
M

t
o
)

B
o
o
k

B
o
o
k

F 
ilm

S
u
a
g
e
s
t
e
d
 
S
t
u
d
e
n
t
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s

d
h
o
u
l
d
 
b
e
 
m
a
d
e
 
a
s

p
r
a
c
t
i
c
a
l
 
a
n
d
m
e
a
n
i
n
g
f
u
l
 
a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n

o
f
 
a
r
t
i
c
l
e
s
 
t
o

i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.

k
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e

d
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
w
o
r
k
 
p
i
e
c
e
 
a
n
d

t
h
e
 
s
t
e
p
s
 
o
f

p
r
o
c
e
d
u
r
e
 
W
h
i
c
h
w
o
u
l
d
 
b
e
 
m
o
s
t

e
c
o
n
o
m
i
c
a
l
.

B
.

W
e
l
d
i
n
g
 
s
p
e
c
i
f
i
c
 
s
c
r
a
p
m
e
t
a
l
 
w
i
t
h
 
d
i
f
f
e
r
e
n
t

e
l
e
c
t
r
o
d
e
s
 
a
n
d
 
h
e
a
t
s

c
h
e
c
k
i
n
g
 
w
e
l
d
i
n
g

s
p
e
c
i
f
i
c
a
t
i
o
n
s
 
a
g
a
i
n
s
t
 
y
o
u
r

r
e
s
u
l
t
s
.

C
.

M
e
a
s
u
r
i
n
g
 
a
n
d
 
c
u
t
t
i
n
g

s
t
o
c
k
 
t
o
 
l
e
n
g
t
h
.

D
.

W
e
l
d
i
n
g
 
j
o
i
n
t
s
 
u
s
i
n
g

d
i
f
f
e
r
e
n
t
 
t
h
i
c
k
n
e
s
s

m
e
t
a
l
s
.

I
N
S
T
R
U
C
T
I
O
N
A
L
 
M
A
T
E
R
I
A
L
S

F
O
R
 
W
E
L
D
I
N
G

T
I
T
L
E

M
o
d
e
r
n
 
W
e
l
d
i
n
g

b
y
 
A
n
d
r
e
w
 
A
.
 
A
l
t
h
o
u
s
e
,

C
a
r
l
 
H
.
 
T
u
r
n
q
u
i
s
t
 
a
n
d

W
i
l
l
i
a
m
 
A
.
 
B
o
w
d
i
t
c
h

w
s
k
a
i
n
a
 
S
k
i
l
l
s
 
a
n
d

P
r
a
c
t
i
c
e
s
 
b
y
 
J
.
W
.

G
i
a
c
h
i
n
o
,
 
W
i
l
l
e
a
m
 
W
e
e
k
s

a
n
d
 
E
l
m
e
r
 
B
r
u
n
e

N
e
w
 
L
e
s
s
o
n
s
 
i
n
 
A
r
c

W
e
l
d
i
n
g
 
b
y
 
L
i
n
c
o
l
n

m
-
,
E
l
e
c
t
r
i
c
 
C
o
m
p
a
n
y

A
l
u
m
i
n
u
m
 
W
e
l
d
i
n
g
 
I
s

D
if

 f
er

eh
t

D
E
S
C
T
I
P
T
I
O
N

A
 
w
e
l
l
 
i
l
l
u
s
t
r
a
t
e
d
 
t
e
x
t

c
o
v
e
r
i
n
g
 
p
r
a
c
t
i
c
a
l
l
y
 
a
l
l

t
h
e
 
m
o
d
e
r
n
 
w
e
l
d
i
n
g
 
p
r
a
c
-

t
i
c
e
s

S
O
U
R
C
E

G
o
o
d
h
e
a
r
t
-
W
i
l
l
c
o
x
 
C
o
.

A
 
b
a
s
i
c
 
t
e
x
t
 
o
n
 
m
a
n
y

o
f
 
t
h
e

A
m
e
r
i
c
a
n
 
T
e
c
h
n
i
c
a
l

m
o
d
e
r
n
 
w
e
l
d
i
n
g
 
p
r
a
c
t
i
c
e
s

S
o
c
i
e
t
y

T
h
e
 
t
e
x
t
 
c
o
v
e
r
s
 
t
h
e
 
a
r
e
a

o
f

L
i
n
c
o
l
n
 
E
l
e
c
t
r
i
c
 
C
o
.

a
r
c
-
w
e
l
d
i
n
g
 
u
s
i
n
g
 
a
n
 
u
p
-
t
o

d
a
t
e
 
a
p
p
r
o
a
c
h
.

F
i
l
m
 
s
h
o
w
s
 
t
h
a
t
 
a
l
u
m
i
n
u
m

R
e
y
n
o
l
d
s
 
M
e
t
a
l
s
 
C
o
.

i
s
 
e
a
s
y
 
t
o
 
j
o
i
n
 
b
y
w
e
l
d
i
n
g
,

b
r
a
z
i
n
g
 
o
r
 
s
o
l
d
e
r
i
n
g
.

3
3

m
i
n
.
 
f
r
a
e
,
 
c
o
l
o
r
.
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F
i
l
m

A
r
c
 
W
e
l
d
i
n
g

F
i
l
m

:
C
o
n
s
u
m
a
b
l
e
 
I
n
s
e
r
t

W
e
l
d
i
n
g

F
i
l
m
 
s
h
o
w
s
 
m
e
t
a
l
-
a
r
c
,
 
c
a
r
-

A
l
u
m
i
n
u
m
 
C
o
m
p
a
n
y
 
o
f

b
o
n
-
a
r
c
 
a
n
d
 
a
t
o
m
i
c
-
h
y
d
r
o
g
e
n

A
m
e
r
i
c
a

p
r
o
c
e
s
s
e
s
 
f
o
r
 
w
e
l
d
i
n
g
 
a
l
u
m
i
-

n
u
m
.
 
1
0
 
m
i
n
.
 
f
r
e
e
,

c
o
l
o
r
.

F
i
l
m
 
s
h
o
w
s
 
a
 
s
p
e
c
i
a
l
 
E
-
B

w
e
l
d
 
i
n
s
e
r
t
 
t
o
 
j
o
i
n
 
p
i
p
e
 
o
n

o
n
e
 
s
i
d
e
 
o
n
l
y
.
.
 
2
0
 
m
i
n
.
 
f
r
e
e
,

B
 
&
 
W
.

A
r
c
o
s
 
C
c
r
p
o
r
a
t
i
o
n

F
i
l
m

I
n
t
r
o
d
u
c
t
i
o
n
 
t
o
 
O
x
y
-

F
i
l
m
 
s
h
o
w
s
 
t
o
o
l
s
 
a
n
d
 
e
q
u
i
p
-

J
a
m
 
H
a
n
d
y

A
c
e
t
y
l
e
n
e
 
W
e
l
d
i
n
g

m
e
n
t
,
 
o
b
t
a
i
n
i
n
g
 
c
o
r
r
e
c
t

f
l
a
m
e
,
 
m
a
n
i
p
u
l
a
t
i
o
n
 
a
n
d

r
u
n
n
i
n
g
 
b
e
a
d
s
.
 
2
 
r
e
e
l
s
,

$
7
8
.
0
0
,
 
B
 
&
 
W
.

F
i
l
m

M
o
d
e
r
n
 
M
e
t
h
o
d
s
 
o
f

F
i
l
m
 
e
x
p
l
a
i
n
s
 
h
a
w
 
g
a
s

L
i
n
d
e
 
C
o
m
p
a
n
y

J
o
i
n
i
n
g
 
M
e
t
a
l
s

s
h
i
e
l
d
e
d
 
a
n
d
 
m
a
g
n
e
t
i
c
 
f
l
u
x

m
e
t
h
o
d
s
 
a
r
e
 
u
s
e
d
 
i
n
 
i
n
d
u
s
-

t
r
y
.
 
2
2
 
m
i
n
.
 
$
1
0
0
.
0
0
,

c
o
l
o
r
.

P
a
m
p
h
l
e
t

A
r
c
 
W
e
l
d
i
n
g

A
 
p
o
c
k
e
t
 
m
a
n
u
a
l
 
o
n
 
h
o
w
 
a
r
c

I
n
d
u
s
t
r
i
a
l
 
B
o
o
k
 
C
o
,

w
e
l
d
i
n
g
 
i
s
 
u
s
e
d
 
i
n
 
i
n
d
u
s
-

t
r
y
.
 
P
u
r
c
h
a
s
e
.

P
a
m
p
h
l
e
t

F
u
s
i
o
n
 
F
a
c
t
s

P
h
a
m
p
h
l
e
t
 
g
i
v
e
s
 
f
a
c
t
s
 
o
n

S
t
o
o
d
y
 
C
o
m
p
a
n
y

h
o
w
 
w
e
l
d
i
n
g
 
c
a
n
 
i
n
c
r
e
a
s
e

t
h
e
 
l
i
f
e
 
o
f
 
m
e
t
a
l
s
.

P
a
m
p
h
l
e
t

W
e
l
d
i
n
g
 
a
n
d
 
O
x
y
g
e
n

C
u
t
t
e
r
s

O
c
c
u
p
a
t
i
o
n
a
l
 
O
u
t
l
o
o
k
 
H
a
n
d
-

U
.
S
.
 
D
e
p
a
r
t
m
e
n
t
 
o
f

b
o
o
k
,
 
B
u
l
l
e
t
i
n
 
N
o
.
 
1
2
1
5
-

L
a
b
o
r

6
5
.
 
P
u
r
c
h
a
s
e
.
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T
A
S
K
 
I
.
 
4
:

E
R
E
C
T
I
N
G
 
W
O
O
D
E
N
 
D
I
A
D
E
M
 
A
M
 
c
o
u
n
t
s

A
P
E
A
 
O
F

H
u
M
A
N
 
n
E
c
u
t
e
E
E
.
.
7

S
L
-
A
E
S
T
E
c

S
:
:
7
G
E
S
T
E
C

T
F
A
e
o
F
1
%
1
 
'
.
'
E
t
P
D
O
S

I
N
S
T
P
U
C
T
I
O
N
A
L
 
A
T
E
P
I
A
L
S

S
I
X
C
E
S
'
E
Z

S
T
O
W
 
A
C
-
i
s
/
1
7
1
E
S

R
e
e
d
i
n
g
 
p
l
a
n
s
 
t
o
 
d
e
t
e
r
m
i
n
e
 
s
l
z
e
 
e
n
d
 
l
o
c
a
t
i
o
n

o
f
 
g
i
r
d
e
r
s
 
a
n
d
 
c
o
l
u
m
n
s
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
w
o
o
d
 
t
o
 
m
a
k
e
 
u
p
 
g
i
r
d
e
r
s

a
n
d
 
c
o
l
u
m
n
s
.

C
l
a
s
s
 
D
i
s
c
u
s
s
i
o
n

E
x
p
l
a
i
n
 
w
h
y
 
m
e
m
b
e
r
s
 
a
r
e

p
i
e
c
e
d
 
i
n
 
c
e
r
t
a
i
n
 
p
l
a
c
e
s
.

T
e
x
t
b
o
o
k
:

P
r
a
c
t
i
c
a
l
 
C
a
r
p
e
n
t
r
y
,
 
p
.
 
$
2
.

E
x
p
l
a
i
n
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APPENDIX G

LIST OF PRODUCTS AND DEVEL1PERS

The following is a list of products \f.or which Product Development Reports
have been prepared.

Arithmetic Proficiency Ttaining Program (APTP)
Developer: Science Research Associates, Inc.

The Creative Learning Group Drug Education Program
Developer: The Creative Learning Group

Cambridge, Massachusetts

The Cluster Concept Program
Developer: The University of Maryland,

Industrial Education Department

Developmental Economic Education Program (DEEP)
Developer: Joint Council on Economic Education

Distar Instructional System
Developer: Siegfried Engelmann & Associates

Facilitatirg Inquiry in the Clpssroom
Developer: Northwest Regional Elucational Laboratory

First Year Communicatim Skills Program
Developer: Southwest Regional Laboratory for

Educational Research & Development

The Frostig Program for Perceptual-Motor Development
Developer: The Marianne Frostig Center of Educational Therapy

Hawaii English Program
Developer: The Hawaii State Department of Education

and The University of Hawaii

Holt Social Studies Curriculum
Developer: Carnegie Social Studies Curriculum Development Center,

Carnegie-Mellon University

Individually Prescribed Instruction--Mathematics (IPI--Math)
Developer: Learning Research and Development Center,

University of Pittsburgh

Intermediate Scien-.e Curriculum Study
Developer: The Florida State University,

Intermediate Science Curriculum Study Project

MATCH--Materials and Activities for Teachers and Children
Developer: The Children's Museum

Boston, Massachusetts
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Program for Learning in Accordance With Needs (PLAN)

Developer: American Institutes for Research and

Westinghouse Learning Corporation

Science--A Process Approach
Developer: American Association for the Advancement of Science

Science Curriculum Improvement Study
Developer: Science Curriculum Improvement Study Project

University of California, Berkeley

Sesame Street
Developer: Children's Television Workshop

The Sullivan Reading PrograT
Developer: Sullivan Associates

Menlo Park, California

The Taba Social Studies Curriculum
Developer: The Taba Social Studies Curriculum Project

San Francisco State College

The Talking Typewriter or
The Edison Responsive Environment Learning System

Developer: Thomas A. Edison Laboratory,
a Subsidiary of McGraw Edison Company

Variable Modular Scheduling Via Computer

Developer: Stanford University and
Educational Coordinates, Inc.
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